The Chilean Patagonia has numerous kinds of inland water ecosystems such as lakes, ponds, wetlands and rivers that have been poorly studied due to access difficulties. This study was carried out in Aysen region, in southern Chile, and it included different kinds of water bodies such as rivers, streams, ponds, lagoons and lakes distributed along an altitudinal gradient at 46° S. It was found a low species number, essentially cladocerans, copepods and amphipods. A null model was applied in order to determine the existence of regulator factors of species associations, and the results revealed that they are not random. The patterns would be influenced by geographical and limnological characteristics of the studied sites. Our results would agree with regional studies on habitat heterogeneity such as in Torres del Paine National Park and other zones in Tierra del Fuego island.
Introduction
The microcrustacean assemblages in lakes and ponds in central and southern Patagonia (44-53° S) have different characteristics (De los Ríos-Escalante, 2010 ) due the heterogeneity of water bodies. For example, large lakes, small lakes and shallow ponds of Torres del Paine microcrustacean species associations are regulated by conductivity and the trophic status (Soto and De los Ríos, 2006; De los Ríos and Soto, 2009 ). This pattern is similar to the one described for lakes and ponds in Argentinean Patagonia (Modenutti et al. 1998 ) and also with descriptions for New Zealand lakes (Jeppensen et al. 1997 (Jeppensen et al. , 2000 . From this point of view microcrustacean assemblages are not random, regulatory, or deterministic factors exists to explain the community structure. The absence of regulatory factors and the random distribution in species co-occurrence are the basis of the null models.
One of these models used the presence and absence of species to determine the absence of deterministic factors as regulators of species co-occurrence or guild structure , these null models are more robust in comparison with deterministic models (Gotelli, 2000 (Gotelli, , 2001 . The aim of the present study is to apply a null model analysis based on presence-absence of species matrix using of non-random test procedures in order to contribute to the understanding of community ecology in inland water microcrustaceans along an altitudinal gradient in Aysen region inland waters
Material and methods
The studied region is located at 46° S (Aysen region, Chile, Figure 1 ), and it is characterized by the presence of a variety of landscapes, valleys, mountains, lakes, rivers and ponds (Niemeyer and Cereceda, 1984) . Within the inland water bodies there are large and deep lakes, small lakes, shallow permanent and ephemeral pools, and rivers (Niemeyer and Cereceda, 1984; De los Ríos-Escalante, 2010) . This region is difficult to access due to the marked isolation that is an advantage because these ecosystems are practically pristine but the disadvantage is that it is difficult to carry out systematic field works due to geographical and climatic features (De los Ríos, 2008) .
Information from 22 sites was obtained during field works in February 2012 (Table 1) . The geographical location and altitude were obtained using a GPS Garmin, pH, temperature, total dissolved solids and conductivity were measured in situ with a Hanna sensor, the microcrustaceans were collected in rivers using a 25 * 25 cm and 100 μm mesh size surber net (Domíngez and Fernandez, 2009) , whereas in lakes the samples were collected using horizontal hauls with a plankton net of 25 cm diameter and 100 mm mesh size (De los Ríos et al. 2010) . Microcrustacean species were fixed in absolute ethanol and identified using specialized literature (Araya and Zúñiga, 1985; Reid, 1985; Bayly, 1992; González, 2003; Dos Santos et al. 2008 ).
The obtained information was analyzed in two steps. The first step included firstly the information on species co-occurrence (only adult stages) which was ordered using an absence/presence matrix. Secondly, a Checkerboard score ("C-score"), a quantitative index of occurrence, was applied, which measures the extent to which species co-occur less frequently than expected by chance alone (Gotelli 2000 (Gotelli , 2001 . Gotelli and Entsminger (2009) , Tiho and Johens (2007) , and Tondoh (2006) suggested that the following robust statistical models should be used in a co-occurrence analysis. First, the matrix layout needs to include the species names in the rows and the sites in the columns. Second, the following models should be used: (1) Fixed-Fixed. In this model, the row and column sums of the matrix are preserved. Thus, each random community contains the same number of species as the original community (fixed column) and each species occurs with the same frequency as in the original community (fixed row). (2) Fixed-Equiprobable. In this algorithm only the row sums are fixed and the columns are treated as equiprobable. This null model considers all the sites (columns) as equally available for all species, which occur in the same proportions as in the original communities. (3) Fixed-Proportional. This model maintains the species occurrence as in the original community and the probability that a species occurs at a site (column) is proportional to the column total for that sample. The variance ratio of the column sum to the sum of the row variances. Unlike C-score index, the variance ratio does not measure patterns of co-occurrence within the matrix, but it is determined exclusively by row and column sums of the matrix (Gotelli, 2000) . Therefore, this model is not valid for the fixed-fixed null model. For this reason, the variance ratio was not tested with this null model. The variance ratio measures the variability in the number of species by sample. If species richness is regulated by biological interactions, communities should converge to a relatively constant number of species per sample (Gotelli, 2000) . In a competitively structured community the observed variance ratio should be significantly smaller than expected by chance (Tiho and Johens, 2007) . All null model analyses were carried out using the software Ecosim version 7.0 (Tondoh, 2006; Tiho and Johens, 2007; De los Ríos 2008; De los Ríos et al. 2008b; Gotelli and Entsminger, 2009) .
As second step, it was applied a correlation analysis between species number with temperature, pH, total dissolved solids, conductivity and altitude, using the software Prisma 5.0.
Results
The results revealed a relatively low species number, and notable cladocerans and amphipods occurrence ( Table 1) . The cladoceran and copepod species Chydorus sphaericus and Mesocyclops araucanus were widespread, whereas the most frequent species of amphipods, Hyalella chiloensis and H. simplex, were frequent in central and southern Patagonia (Table 1) . For Balmaceda streams (Table 1) , a zone located in semi-arid plain, the most frequent species were C. sphaericus, M. arauanus, H. chiloensis and H. patagonica. For lagoons Verde I, Chiguay, Ardilla, Chacano, Lagoon 1, Lagoon 2, Lagoon 3, Tamango, Laparent, Lagoon 4 and General Carrera, that are located within and in the surroundings of Cerro Castillo National Reserve in a mountain zone, it was found a higher species richness with Daphnids cladocerans, C. sphaericus, B. michaelseni, M. araucanus, H. chiloensis, H. patagonica and H. simplex (Table 1) . For ponds located in Coyhaique National Reserve, in a mountain zone close to Coyhaique Table 2 . Results of null model analysis for co-occurrence of species at the studied sites (P < 0.05 denotes random absence). Table 3 . Correlation matrix between altitude, total dissolved solids, conductivity, temperature and pH with species number at the studied sites (*= significant correlation). (Table 1) .
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The results of null model co-occurrence analysis revealed that the species associations are random in practically all simulations with exception to fixed-equiprobable model of the V-ratio ( Table 2) .
The correlation analysis revealed significant association between species number with temperature and altitude with species number (Table 3) .
Discussion
It is reported species that are widespread in Patagonia (38-51° S) such as Daphnia ambigua, D. pulex, Scapholeberis exspinifera, Simosa serrulata, Chydorus sphaericus, Leydigia leydigi, Alona pulchella, Mesocyclops araucanus, Hyalella chiloensis and Hyalella patagonica (Table 1; González, 2003; De los Ríos-Escalante, 2010) .
Two species from central and southern Patagonia (46-54° S) were reported: Boeckella michaelseni, and Hyalella simplex (Table 1; González, 2003; De los Ríos-Escalante, 2010) . These results would agree partially with first descriptions for zooplanktonic crustaceans in Aysen region that reported a kind of a transitional pattern where it is possible to found species from northern and southern Patagonia (Menu-Marque et al. 2000; De los Ríos, 2008 ). An example can be the presence of three amphipods species: H. chiloensis that is found between 36°-45° S, H. simplex that is found between 38-55° S and H. simplex between 39-53° S (De los Ríos-Escalante et al., 2012) .
The results of null model agree with observations of zooplankton species associations based on null model co-occurrence species for southern Patagonian lakes and/ or ponds (De los Ríos et al. 2008a; De los Ríos 2008) and northern Patagonian mountain lakes and shallow ponds (De los Ríos et al. 2008b,c) . It is due to the presence of few species repeated in all or practically all sites (De los Ríos et al. 2008a, b, c; De los Ríos 2008) . This pattern of species repetition by site in spite of environmental heterogeneity was observed for lakes and ponds in Torres del Paine National Park at 51° S (De los Ríos & Soto, 2009) , and in large scale in lakes and ponds in Magallanes region between 51-53°, including Torres del Paine National Park and Tierra del Fuego island (De los Ríos et al., 2010b) .
Similar results would occur in terrestrial systems (Ribas and Schoereder 2002; Sanders et al. 2007 ). Other similar causes what could be related to the homogeneity of the studied habitats (Franca and Araujo 2007) , or interactions between species with similar ecological characteristics (Tondoh 2006; Tiho and Johens 2007) . In an opposite scenario, the presence of interspecific competition and ecological differentiation denotes the absence of random patterns in species association (Ulrich 2004; Rodríguez-Fernandez et al. 2006) . Conversely, the existence of significant effects, expressed in random absence, as it was observed in two simulations, denoted the existence of habitat segregations and resources partition (Costa de Azevedo et al. 2006) .
The lack of correlation between microcrustacean assemblages with conductivity would agree with results observed for inland waters in Southern Patagonia, (Soto and De los Ríos, 2006; De los Ríos et al. 2008; De los Ríos and Soto, 2009; De los Ríos-Escalante, 2010) . This condition would be explained due the low variability range of mineral concentrations observed in many Patagonian inland waters (Pedrozo et al., 1993 ) that probably would not affect the community structure. This scenario is different in the northern Chilean Andean inland rivers where the mineral contents variability is high interfering in the species associations (De los Ríos et al., 2010a) .
The obtained results agree with similar observations for Magallanes region inland waters (51-55° S), in terms of biogeographic aspects and community structure. Nevertheless it is necessary more studies in this region for understanding ecological and biogeographical patterns of inland water crustacean species.
